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(57)Abstract: 

PROBLEM TO BE SOLVED: To ensure an industrially thoroughly satisfactory machinability, 
while greatly reducing a Pb content in comparison with that in a conventional free-cutting 
copper alloy. 

SOLUTION: The lead-reduced free-cutting copper alloy has an alloy composition which includes 
66.0-75.0 mass% Cu, 21.0-32.0 mass% Zn, 1.3-2.4 mass% Si and 0.4-0.8 mass% Pb, and among 
the contents, has relations of 60.0 mass%<(Cu-4.5 x Si)<65.0 mass%, 34.5 mass%<(Zn+5.5 x Si)< 
40.0 mass%, and 1.5 mass%<(1.5 x Pb+O.e x Si)<2.4 mass%; has a metal structure containing an 
a-phase as a matrix, and 3 to 30% of a y-phase and/or K-phase; contains 0.05 mass% or less Bi 
as an impurity; and has a value of Bi/Pb of 0.1 or less. 
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(54) [^WcD«W] *&tS«l5llglH4»l&^ 



(57) [^m] 

m^^m m&mmmm^^ii. curee. 0-75. omass%. zn:2i 

. 0~32. Omass%^ Si:i. 3-2. 4mass %RV^^P b : 0 . 4 ~ 0 . 8 
msL B ^i'lh<D^^mmK6 0 . Oma s s %^C u - 4 . 5 -31^6 5. 0 

mass%^ 3 4. 5mass%^Zn + 5. 5 -3 1^4 0. 0 m a s s 1 . 5 

mass%<l. 5-Pb + O. 6 -31^2. 4 m a s s %<7>M#^;t1-'i> i 9 # 
^■r^^^«$-^-rt*lc, h 'J y^^y^i: LT 7 TOJ//Xfi/r 3^=^3-3 0 

%-^^-r^^Slfi|i^'t-r^><7)-C^i'K :^Mt?<t LT<7?B i c7?'^:f»5()So. 0 5ma s s 
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m^m 1 ] 

Cu:66. 0-75. Omass%. Zn:21. 0-32. Omass%>Si:i 
. 3~2. 4 m a s s %S.a^P b : 0 . 4-0. 8 m a s s %^ . ^fl h'^^^Mmi^ 6 

0. Omass%^Cu-4. 5 - 31^65. Omass%^ 34. 5mass%^Z 
n + 5. 5 - 51^40. Omass %R 0*1. 5mass%^l. 5-Pb + O. 6- 

Si ^2. 4ma & & %comi^^^'r^xnK. -^^-r^^^m^^^^-rt^K. ati^ 
mmM 2 ] 

Cu:66. 0 -75. 0mass%^Zn:21. 0-32. Omass%,Si:l 
. 3-2. 4mass%. Pb:0. 4-0. 8mass %^rfK S n : 0 . 0 5-1. 
5 m a s s %:5.0'>'X{iP : 0 . 02-0. 2 m a s s % ^> -€-tLfj<7)-^^fiH{; 6 0 . 
0mass%^Cu-4. 5-Si-O. 7-Sn-2-P^65. 0mass%. 34 
. 5mass%^Zn + 5. 5-Si + l. 7-Sn + 3-P^40. 0 m a s s %&Zf 

1. 5mass%^l. 5-Pb + O. 6-Si+O. 15-Sn + O. 3-P^2. 4 
mass %<7)ra#^W-r^ XnK^ ^^-t i>^±m.^'k^j:-r t^K. affi^^ h') v^T, 

m^m 3 ] 

Sb:0. 02-0. 20mass%. As:0. 02-0. 20mass%.Mn:0 
. 05-2. 0mass%>Ni:0. 05-2. Omass %, Al:0. 05-2. 
Omass%^Fe:0. 05-0. 5mass %RlfC o : 0. 05-0. 5mass 

m^m 4 ] 

yfmmt LToB i cn^mmij^O . O 5 m a s s %ii).T'^^ih ^ M.'^^m^^*'^ P b"^^ 

i:-e^t/L"fitB i/Pb^^o. i^m^^j:^^^t^s^wt-r&. m^M 1 . mmm2xii 

[0 0 0 1 1 
[0 0 0 2] 

mmKm:iifzm4s-^t lt. -m^. rjis h5iii cac406j m<^^m 

^-^^^ rj I S H 3 250 C3604J TJIS H 3 2 5 0 C 3 7 7 1 J ^<?)^ 
MM^^ij^ h ;h ^ h It 1 . 0-6. Oma s s %^Jg(75P b^-^^i--!,:: t 

[ 0 0 0 3 ] 

i: i ;?> -c. p b t± V y - ^ x Svg-fr-f . LX'y^W:-r& ^ilkx-d xmm^ y 

fy'U-A tLXWML. nm'tm±^^&ii<7)X^i>ibK P b-^^«>6n ma s s % 

Kmti^j:\^^m-'&-i^i'i. ^m^mi (d) cotu<mw^XK^Ay'£-ofzmm'c^mLx^^4 

l&<^#< ^coli^co > ^y';i^^4C^o Ph^mmti^l. 0 ma s s %J^±-e^*t 

J?. m\\mn.<Dmmm m^^t t-^X ^ ^ -bK P b ^^mii- 2 . 0 m a s s % t^M 
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fzibKii. Pb^^a^2. 0 m a s s %JiL±<': LTio < O/^^'l^ii-e^^o aJ^ 
c7)^WlJiinX:^>'g*$n;&fB|^^®##tij3V^T{iltj3 . Oma s s %iik±.'^P hy^^^^^ 
ilX^^. ^m^.(7^m^Ki3V^X urn 5 s s %c7)P b tLTV^&o Mx.tf^ ± 
l5L7t: rj I S H5111 C A C 4 0 6 J "Cti P b 5 . Omass%-C^ 

^ o 

[0 0 0 4 ] 

Mi^iLX^K ct iO l^^^53^ L fzm-^. -^nhcDiy ^Uy V V 7. h #<7)J^^!^55^ t> P b 
ii-^^ic^tt-gj P b-^^-a^^tetcMPli-r^fflfoJtc^ (9. fe/^^aicisv^T^j P b#^»^ 
[ 0 0 0 5 ] 

^mn\t. '^•'■^^z>^m'^^£m\^:8Lu^m\^ji^^z>^<-^£^iitzii(Dx\ Pb^^«^it5fe 

[ 0 0 0 6 ] 

[i«^^«l?3^-r ^ a6 co^S] 
^ISIB^gji. Jb|Ecr)gft<j^M-r'<<. mTt'5B-^2. [1] ~ [4] X(± [5] ~ [8] <D 
^M^^^^£-ri^<r)X^^x [9] <=o^Mm^'&t-ibMg:MMt4li^^=^^^i-;i,o i" 
*l§B;^(i. IfSltc, Cu^ Zn. S i JS.D'^'P b =^'ii-^l7C^<h LE-O^^L^co-^^t 
»^ [1] ~ [4] [9] <7)^f4:^ti/S.-r^ J: ^ Ic^fe^L/cifaMft-MMtti^-^^ (J^Jl 
T r^ll&ig^-^J t^^n) $rM*L. S2lc. Cu, Zn, Si. P h^XfKS nRZf 

/xfip ^MTc^t L_i.o-t^A,<7)#^»^ [5] ~ [8] Rif [9] co^i^^m^-r 

[0 0 0 7] 

111 ^IB^-^^cT) ^--^i^lagg; 

[1] Cu:56. 0-7 5. Omass%(J:i9$fSL<(i. 68. 5-74. 5m 
ass%) Zn : 2 \ . 0-32. Omass%(J:^)Sftt<(i. 22. 0-28 
. 5mass%) Si :i. 3-2. 4mass%(<i:i9$ftL<fi. 1. 7-2. 
4mass%) Pb:0. 4-0. 8mass%(J:i9 0tL<Ji> 0. 4-0. 7 
mass%) t^^m-r=bZto 

[2] C u-^^4<l: S i 60. 0mass%^Cu-4. 5-Si^ 
65. Omass% (i L<i±. 60. 5mass u-4. 5'Si^64 

[3] Z n^^« t S i -^^»t<75Mti. 34. 5 ma s s %^ Z n + 5 . 5'Si^ 
40. Omass% ( X y)1kft L < ii. 35. Omass %^ Zn + 5. 5-Si^39 

[4] P b^^iS t S i tc^Wic. 1. 5mass%^l. 5-Pb + O. 6- 

Si^2. 4mass%(J;^)^lfiL<(i> 1. 6mass%^l. 5-Pb + O. 6- 
Si ^2. 2 m a s s %) or^S^^^i-* r to 

[ 0 0 0 8 ] 

[5] Cu:66. 0 -7 5. Omass %(J;i90^L<{i. 68. 5-74. 5m 
ass%) Zn:21. 0-32. 0 m a 5 s % (X V) L < ii. 22. 0-28 
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. 5mass%) Si :i. 3-2. 4mass%(J:^)^?fU<{±. 1. 7-2. 
4mass%) t. Pb:0. 4~0. 8mass%(J; ^Ut L < fi, 0 . 4 ~ 0 . 7 
mass%) t. Sn:0. 05~1. 5 m a s s %:^?//'X{i P : 0 . 0 2~0. 2 m 

ass % t ^to 

[6] c u^4imt s i ^-^At s n^mmRxfyxitp^mmt<DmK. eo. om 

ass%^Cu-4. 5-Si-O. 7-Sn-2-P^65. 0 m a s s % ( ct I9 0 1 
L<(i> 60. 5mass%^Cu-4. 5-Si-O. 2-Sn-2-P^64. Om 

a s s %) (Tym^'tm-r^h ^to 

[7] z n^^mt s i ^^mt s n^-^mRzrxxitp^^mt(Dmi^. 34. 5m 

ass%^Zn + 5. 5-Si+l. 7-Sn + 3-P^40. 0 m a s s % (X ^i^ft 
L<(i> 3 5. Omass%^Zn+5. 5-Si + l. 7-Sn + 3-P^39. Om 

a s s %) comw.'k^-r^^^ito 

[8] P h^mmt S i ^y^mt S n^^mRZfXXiiP^mmt<DmK^ l. 5ma 
ss%^l. 5-Pb + O. 6-Si+O. 15-Sn+O. 3-P^2. 4mass% 

(J:«9 0iL<{±. 1. 6mass%^l. 5-Pb + O. 6-Si+O. 15-Sn + 
0. 3-P^2. 2mass%) (Dm^^t^-T^ :l t o 

[0 0 0 9] 

ti) ^3-30% ( <!: i9 ^ L < ti. 5-25%) -^^1" ;i>^<!:o '^^^ ^^icv^-^y+g 

o 

[0010] 

tg^fg:T^-€:^^i:ti^^;&o rtLf><7).«^,^^itLT, CuO#^»(±6 6. 0 - 7 5. 0 

mass%t-ri>cr):b^-M^X-^^s 6 8. 5 - 7 4. 5 ma s s % t LX 33 < ^ tib^X y) 

[0011] 

^tLf)<7),tij:^#/^LT. Z n#^m 2 1 . 0-3 2. 0 m a s s % t L Ti3 < Ot^^" 
®^-e^»9. 2 2. 0 - 2 8. 5 ma B s%tLX^<:iti)^X^MtL\^^o 
[0 0 12] 

P b h w ^ X titav§-fr-f\ mt't^^ LXjd-Wi-r^^ tKX-DX, M'l4^[p]±?-iir 

mnm^^m$'^^!^.xii^m-r^o 

[0 0 13] 

MLT. S i co-mbmij' 1 . 3 m a s s X^fl^lctiJg. L ^ ^MglJt4^i*4*-r 

±(Dy, K^^^mW.-r^^^tzibi^itl. 3 m a s s %J^±t LT^ < 'I^^t;?^'* 19 ^ 5 %J^± 
<7)y, «: 1 . 7 m a s s %JiJl± i: LTis < t S t >/^o L/5^L 

. Si-^^«/^5 2, 4 m a s s %^rgx.^ <!: ^ y, K^-^mmt^^-DX. ^^mf^-^^'B^ 

i-^^fttil. 3-2. 4 m a s s % i: LTi3 < <7):^s^^-C^ 19 , 1. 7-2. 4 mas 
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[0014] 

'l^t^(7}mmM^-±X ^iMiifzmm^'i^^fctbKii. P b ^ O . 4 m a s s 
% iiX ±.m\i't^ ^ tmit L^^o L>d^L, P bv^jDS^^O . 8 m a s s % ^^x.^!. t , SP 

c??M44>fg:T-r&o -etT. Pb-^^S^^O. 8 m a s s %J^Tc7)|gtl:-eS,*ttf, >b^sg 

't^)6fz^m^mK^'.^^x&^^n^m^^^i^x-$>^ n p b^^iisf^j^^^' v rx^^ t 

^xe^tt, 0. 7 m a s s %i^Ti: LTi3lt«\ ^»tiJ>65|!n'fpJH^^&^>ij^-e^ 

b-^^MtiO. 4-0. 8ma & s%tLX^<<Dtm^X$>iO . 0. 4-0. 7mas 
5%t LXi5 < i ^ Lv^o 

[0015] 

Sn, Pit. m^T^iy. Simtwi^^^y, k n<r>m^^iS:M^^ ^hM^'tm-r ^ i><y:>x^ 

o S n^SO^VXtiP *#^r$-^^>r <t tcJ:S±fBatg, ^^ii. Sn-^^fi^^^ O. 0 5m 
ass %J^Jt-C^^^&-X{±P-^^»7!)^0 . 0 2 m a s s %lil±X^&m^K^W^ fi^ 
o fit. ^i^-ltt^li. Sn-^^»:6n. 5 m a s s % 1^:311-^ p-^;ir»/^^' 0 . 2 

ma s s %tiit-r-i>tl&fDt)tB t i&^o LT, Sn#^»/{)n. 5mass%^ex.^ 
MvMiP-^;#*7ii50 . 2ma s s%^gx-;S> y, icm<Df^MMm^i}mmVtmt 
^j::i>m^^X^j: m-oXm^^^MAT-T^ o L;b^^"oT. S n^^Mii^ 0. 0 5-1. 
5 m a s s % t i--2> CI ij^j^'ig^-e^b <9 ^ P#^»(±0. 0 2-0. 2 m a s s % t "T^i) ^1 
t'^^M^X^i>o 
[0016] 

. >cm<7y{}.-fj:^ ti,-:^^^t^^mu^t^j:LX^< :LtK^V) ^ pyyii^^yy'fv-fi 
TJ::*3tt^ P b <t7+0. /c ffiXti 7 + /c +@ t coffiS^^ffl J; , :;^«<75 P b ^-^^t L;tli 

t:;^)^''£v^o a ffl{i:5£t4cOife<g>^ f5:;a^Vit@'e^'i>:*^«^> a"^^-^ y ^) v y^h X.X ^ -?-cov 
F V ^7 ^'T.tt^icy^H. /cia:^^'^tJ:LT;i¥^£-r^^ t j; ^) . P b^^«^^'^»^^^oT^> 

'm^x^:k>^m'^^m%'fhtz^\-L\t 3 %vx±,x^:k> ^it^^^'-mx^ 19 . 5 %iik±x$)^ 

Ti^rajDXt4:^s,¥;< ^-So ^/c. yti. K^^liJ:M'^mn^^^J:^>m^X$>^ t\y^'DX^ 
mt^'bMi-^Clt ti'a-^ (^K-^^^Tii^'S 0%^>^i|iMlc^x.^:i tic i SPoT-f-^y 

^mmus o%iikTi^iiv^xii< zt^^'iL^mx^y). lAm^^mmi^^rAi^'^Lo ^tcubK 
y^7.t-r^^t^^,i^tLx. ym, >c^, y + Km<7)^ii^-^^ 3-- 3 o%^^-r^i> 
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[0017] 

ttz^ :icox n ^£^mm^ (mm [9] co±mm^) 'ty!i-r^tKxy)j:m&^Km&Ld 

^mm^tmUt^^fcs^izii^ Cu, Zn, Pb, si, Sn, P<D^^y^mi)^±siL/z 

Sn, ps-^^i L'fe(/^^^fci3v^Tiimri5 [2] ~ [4] (Dmmm^^K. s 
n:&c;*vx(ip =^-^w-r-g>^i^^::i3\/^-r(iiui5 [6] ~ [8] (Dmmm^^ ii^'Z^m^b^ 

[0018] 

i-'&'b-^, tiiie [2] [6] (T^-^^sst ilikr r0i-g-^»^j t$t#L. sn, p^# 
fiii^m^^tzm^-co^ [c u- 4. 5-si-o. 7 ' s n- 2 ' pj x-^-r^ztt-r 

-r^^b^. Sn. F^nfii>'^m^^^£\^^m-^Ki3if:b [2] <7)-^M^{i. # 1 
^*^HS n = P= 0 ^ftALT^f)^^ rCu-4. 5-SiJ<h^i9. Sn, P<7) — 
-i^^^&t' joij-«. [6] <7)^^l:jt{i, »l^^fi^^-:P= 0 =^ftAL"C#f5 
ti^S rc u - 4 . 5 • S i - 2 • PJ X{i S n = 0 ^^^XLX^hfl^ TC u - 4. 5 • 

5 i - 2 • PJ trj:;ho ) c^fS7{>^ 6 0. Oma s s %^mT^&m^. UIE [3] [7] 

(D-^^m^ (MT [m'z^^m^j timt. Sn, F ^^Kii^^ ^ ■^fzm^<D^ rz 

n+5. 5-Si + l. 7-Sn + 3- PJ X^-T ^ t ^ o -t ^J:^ib . Sn, P ^'fpl 
tLt-^^^^^-v^iifeS-iiStt^ [3] <7)^;ta:5tti:. ^ 2 -^:#*:5t S n = P = 0 ^'ftA 
LX^htl^ rz n+ 5. 5 • S i J t^^iQ. S n, P ct) - ^ ^ -iJ: ;2> ^ :g, 

[7] (D^mm^is m i^^m^KF ^ o =^f^ALT#^tis rz n + 5. 5 • S i + 

1. 7 • S nj XfiS n= 0 ^'f^A LT# ^ tL* rZn+5. 5-Si+3-Pjt'i^ 
o ) Offi:^«3 4. 5mas s %*Tt-e^S*i-^. tf^{±HtlS [4] [8] (D^^^M^ 
T ms-^^istJ <1:»L> S n, P ^#ti^)^^^-i^f^J^^c^5t T 1 . 5-Pb+O 
. 6-Si-O. 15-Sn+O. 3-PJ xm-t ^ t t-f^^ -t^£^%. Sn, P 
tL^-^^:?*^^>^^S^j3tt& [4] <7?^^»jta. mS^mm^KS n = F ^Q^i^X 
LXmh^^ ri. 5-Pb + O. e-SiJtJ&l^.Sn, F(^-1o^^^^^^m^ 
K:^if:S> [8] ^3^^*Jt^^P= 0 ^'f-tALT#f,tL& fl . 5 • P b 

+ 0. 6-Si-O. 15-SnJX(i;Sn = 0 $-^A tT#tb tLi) r 1 . 5 • P b + 0 
. 6 • S i + 0 . 3-PJ t^j:^o ) OM^^ 1 . 5m a s s %^mx^^m^Ka. J^H 

^ir^tto-fg/i)^ 1 . 5 m a s s %*M-e^^ t . mmKi^mmm'^m^L. ^^J^MJ-r* 

*^<D'fit*« 6 0 . 0 m a s s %J^±^ ^2^^*^<7>fift5{)«3 4. 5 m a s s % W±:?ay^^ 
3 -^^i^tT^-fit^^J 1 . 5 m a s s %l^A±X-^ & :i t ii^'j^^^X^ ^ , jJDXl*, itl^M^fi- 

. 5ma s s %ia±. 5F.2-^^a^<7:)fit7^^-3 5. Om& 5 B%iiX±RZfm3^:^*^com 
6ma s s %U±ir$);i)^: t>^?^'J: t LV>o — ^l-^^*^<??fit>6S6 5. o 
mass %^m^^^mif. m2^^S^(7ym^U 0. Om a s s % ^Sx.;5)*i'^, Xltm 
3 St^flfi*^ 2 . 4m as s ^rajjDX'te, ^m^tmTLX. 

J: ^ ^j:mm:^^^-\Zrj:^^fc«bKi±. m I ^^M^com^^ 6 5 . 0mass%J^T^ #2-^^ 
m^(Dmt^4 0. 0 m a s s %J^T^a^'^3 ^^»^(??fit/5^'2. 4 m a s s %J^T-eab;S. 

6 4. Oma & s%lX^\ m2^mM^<^^t^3 9 . 0 m Si s s %iikTRZfm 3^^m^ 
<Dim^2. 2m a s s %\ikTX^^ :i t-^^X y)ttft Lu^o 

[0019] 
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Cu, Z n, P h. Si. Sn, P<D^mm^. [1] ~ [4] Xl± [5] ~ [8] <D^ 

^fe*>^ [1] - [4] xfi [5] ~ [8] (D-^-MRmt [9] (D^mm^^n^fztb'Ty 

] ~ [4] Xli [5] - [8] <D^m&^^^J:LK':> [9] c7)#JSJffiiPife=^'S:-r^ 1 
[0 0 2 0 ] 

miXUm'Z^^m'^^com^ytmi^M^r. Sb, as, Mn, NI, A1, Fe, 

J i:v^^) ^Ji^T:i>o -T'&'b^. m3mM^^^t. &.TKm-<^ [10] O-^^^fiK ( 
Cu, Zn, Si, P b t-ov^T{i^a^<7:)-^^»Mt^mfE [2] ~~ [4] ^W#^^-r 
^) Xt* [11] <r)^-MS.^ (Cu, Zn, Si, Pb. Sn, P lc^v^T(±^ttf>(7>'^ 
;t*M(iluia [6] - [8] c?)M#^^-r^) ^>&L^OHfifS [9] (T^^mm^'k i> 

[0 0 2 1 ] 

[10] Cu:66. 0-75. Omass% (X y)tki-t L < it. 68. 5-74. 5 
mass%) t. Zn:21. 0-32. Omass% (X ^tl-t L < ii. 22. 0-2 
8. 5mass%) <b. Si :i. 3-2. 4mass% (J;i9 0fL<{i. 1. 7-2 
. 4mass%) t. Pb:0. 4-0. 8 rrn b b % { X y) t^t L < ii. 0. 4-0. 
7mass%) Sb:0. 02-0. 20mass%, As:0. 02-0. 20m 
ass%^Mn:0. 05-2. Omass%, Ni :0. 05 — 2. 0mass%, A 
1 :0. 05-2. Omass%, Fe:0. 05-0. 5mass%, CoIO. 05 
- 0 . 5 m a s s %7i-hM^^ fiti 1 Ul^X±(Dji:^t ^^^T^ ^to 

[11] Cu:66. 0-75. 0mass% {X ^tft L < 68. 5-74. 5 
mass%) t. Zn:21. 0-32. Omass% (X ^Bt L< li. 22. 0-2 
8. 5mass%) Si :1. 3-2. 4mass% {X y) tl-t L < ii. 1. 7-2 
. 4mass%) Pb:0. 4-0. 8mass%(J:i9^ftL<(i> 0. 4-0. 
7mass%) <L^ Sn:0, 05-1. 5 m a s s %:SOVX}i: P : 0 . 0 2-0. 2 
mass%t. Sb:0. 02-0. 20mass%, AslO. 02 — 0. 20mas 
s%^Mn:0. 0 5- 2. 0mass%, Ni :0. 05-2. 0mass%, Al : 
0. 05-2. 0mass%, FelO. 05-0. 5mass%, ColO. 05-0 

. 5ma s &%^'ibmr^^nti im&^±(r)7t^t^^m-r^^to 

[0 0 2 2 ] 

Sb, A s (i. F tmm^^. mmM.i^f^:k'\m't\^±^-^^m^^^-t^ii(r)x^y). p 

tKX^^tmMl'i. Sb, A 8-^:^1:^0. 0 2 m a s & t^t ^ tX-^W^ fl 

t?5^L. Sb. As^O. 2ma z &%tm^X'mmLXi^. mmKM.^^MM:i)^ 

[0 0 2 3 ] 

Mn, N i (i. S i <!:li#LTM Hx Siy X(iN i x Siy c7)^|ffl#M W^b-^ 

m^fmLx. -7]-') ^/ y.izi^-KmtiiL. ^nKx^jmrnmi, ?^j^^m±^'^&o 
vfc^^^-ox. Mniko'yxiiN i 'tmm-ti>^tKxy). Mtsi'^, mmm^-^^^m^ii^ 

o M n, Ni^^^O. 0 5 m sl s s %lik±m\l-r ^ ^ tK X ^^U^^ ft 

So L^^L. 2. Omas s %*jSx.T?^Jjp LT m^TbmmVi^ t ^j: V) . mWMi^M. 

[0 0 2 4 ] 

A 1 fi, Sntr^mt-'-, ym^^iSiM^^^^m^^-ri>ii(DX^i) . Sn t^Km^^^ 
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iiO. 0 5 rm 5 %mM^^^'Z^^i)^$>^o U^^L. 2. 0 m a s s % ^® X-T'^llp L 
[ 0 0 2 5 ] 

±?-iJ:S3?f):^^i*L ^ 55-^^^&atK, Fe#^»^0. 0 5mass%J^±t 

-r-g.i t-el&S^ tL&o t;6-L. Fe^O. 5 m a s s % ^fex-T^M LT «b ^ ^il^*^- 
[0 0 2 6 ] 

M-^^^^o -r^j:ioib. C ocomWi^X 19 > ( 6 0 0 - 7 0 CCJiiJi) (iM^^ tiTt <h 

LT, ^<dX^ y^C o'im\li-i^MW:tt. ^c7)vajll»;^^'0 . 0 5 m a s s %*rP|-e^:g) i: 
§fis ^'j^K^&^n^j:\^^o C oimWi^^i>M^^^i±Mi^^^$>^ . 0. 5mass 

[ 0 0 2 7 ] 

B i co^^kMi)- 0 . 0 5 m a s s %nT (J:»9&^L<i4 0. OSmass %J^T) X$> 

{iflB i /P b^O. OSJ^JIT) >rt^^^-r^o 
[0 0 2 8 ] 

l-'fc^-^. ^1 -|S3 lfe0^'^-#(iaboT. B i ^^'ilA-r^ t , 3 0 0 t: -t^^<7)|f ? 
3 0 0 T:ia< ^ -e±#i-;& J; ^ f£:itib^$) ^ R-^n h^''<Dm^:^mio:h X ^ ^£^b-h^^^ 

-^^r^^mCi-i^ii^'Xiy, ^CD^^iT^j^O. 0 5m as s %^T'e^ ^) J.o p b 
^it^M-T'&tij^ (B i/Pb) /i)^'0. 1 JiJlT'e^a«~±fBL7t:Pp1M{4^t~^D'iv^ 
B i ^^Mij^O. OSmass %Jii.T-e^l> ^9 J.oP b-^^tSrH^-f 2.t!l^ (B i / ? b) 

& i t J; 19 BMr-jiE-^/c p b X ^ r^^mt mm.<Dmmij^^ c^htLxi^. b i 

m^^O. 0 5ma s s %A^T-e^ttff. t&SiloPa1®^^D-i>Jtti4)?^v^t#x.»^tL, 0. 
0 3 m a s s %UT'e*atfTpg®(i^ < ^ C^&v^o 
[ 0 0 2 9 ] 

[*ifi^J] 

*ifif^Jt LT. S 1 -^3 {::^-rM^<3D»it 1 0 0 mm, 1 5 0 mmOpq^ft?!^ 

m<Diy(D) (7 5 or) X^'i^l 5 mm<^iL«J^fftiilJ0XLT. ^ll^B^^^N 

0. 10 1~No. 1 I 8 . mZ^m^^^N 0 . 201~No. 2 2 5 3 ^i^-^i^ 

No. 301~No. 3 20 ^^^fzo f)<^|&BJ^-^N 0. 101~No. 118, N 
o. 201~No. 22 5, No. 301~No. 320 ^1 --^3 K^ttU < . m 
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ffi [1] ~ [4] x(i [5] - [8] (Dm^m^Rnti [9] <D^mmm^^'km&-r 

[0 0 3 0 ] 

ttz. itmmt LT. m4 K^'r^m(Dmm, (nmi O Omm. S$ l 5 Ommc?)R;S51^ 

^niau (&.r r^b-t^i^j-^^j t v> ^ ) n 0 . 4oi~no. 4 2 o^#7to ^tt^cDjt 

t^^J^^N 0. 401- No. 420 ti:, ^4 K^-tiU < . < <!: ^>tff|S [ 1 ] ~ [4 

] [5] - [8] cofA^^^^^r^mm [9] (D^mm^^w<Dmfi7^^^m^L^^^ii 

(D'^$)i>o ^^5, ^-#No. 4 0 dRVhJo. 4 1 5lcov^Ti±. iiM#ai^^'-e§ T. it 
^ tti^-Q'^^j:^^':>fZo t 0 . 401firjIS C360 

4 J ic+i^-r^ 4)(7)Tzb '9 > ^^No. 402{irjIS C3602J (cffi^fi^^jco 
-e^><9> -^^No. 403firjIS C3771J K^^-T^i^cDX-^y). -^^N o . 

4 0 4 (i rj I s c 3 7 1 2j Kmm-r^h ^(dt^^^. -^^n o. 4 o 5 (± rj i s 
c 4 6 2 2 J i^+B^-rs 4><^-e^&o 

[0 0 3 1 ] 

mm<D'kn^^m<r)m (%) ^^-To 

[0 0 3 2 ] 

WLX. m 1 ~-^3l^0^-&-^N 0. 101-No. 118. No. 201-225, No 
. 3 0 1~No. 3 2 o:^a=il:$^^?lJ-^^N 0 . 401 -No. 420 (No. 4 0 9:S.D^ 
No. 4 1 5^f^<) Uo^^T. MWUt^^miSi--? < > :?^<^J: ^ >^^giJ^J^^^f'^v^ -gj 

[0 0 3 3] 

n:-8° ) 'g-^xf9#tt7tigistc j: 19 . -eofijjSjg : 5 Om/^, ^iZ.<^^$ (^ffj-ft) : 

1. 5 mm, 3^i9«:0. 1 1 mm/ r e V. (7)^#-e-eoiJ L^ -'-^-r h t^|5t!9#tt/c 3:9- 
oT^iOffitiLCDT^/h^fiJIif-r^) CI 2: t LVco ^<r>^-^^l±^ ^ 5 - g 8 t^i^-Tii ^) "Cafe o 

o 

[0 0 3 4 ] 

i/::^ -eJiJtcj: i'j.4tEe;L/c-eoiS<7)tfcSI^M^L, -e<7)B^:'t{^ i TH 1 (A) - (D) K 
7r:i-iP< 4 oH3t*MtT. S 5 - ^ 8 t t^o .fc^%-e. •glMT?)^ (D) |lllc^i-$p< 

M-sjgiJijDx ^ mo-^ li^^-DX {±/-? ^ h ^<7^m^i-i § fj ^oJiii^ ^ ± c ^ ^ tt 

:65*^o L35^L> ■fc;0®;()^ (A) lai^^-T^B §M^itB^^>t^ (B) ISt^^t-^P §/h ? 

(c) s^-- (D) m^^y^-rii(7y<D^n\^MWh-^£^^^ti!)^^h. ■^Ji^^^aia'b^j^-e 

^ (A) mKTr^-tii'T^t'^^'inKmh. (C) 0-^ (D) iii(^^i-«b(75(±;5ia^ 
r©j -e> (A) mKyr<-t^^m^i'j:mm^mi3mm^fitz^<D^ roj -e, (o 
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■^^fzii<7)^ rxj t^TfkLfzo 

[0 0 3 5 ] 

^8 tc^-rai9 -eabo/co t:Lh'C\ mMm^(D&mtLXl±Mi^m^ (Rmax) ijm 

m^ii:^ ^ t^^^ < . nmm:^i,<Dmm^ii x^h^K -m^. Rma x< i o //m-i?^)tLff 

mibXmmiUmi ^ tmm-r^:zt:f}^X^. l O ^ R m a x < l 5 ^ m-e^ ttffX 
mrn^m^ L n ^Wm^tn^ ^ i:^^'-e§ t^piJif-e^ . R m a x ^ l 5 mcom^ 

Kimmmz^^:^h(Dtmm'C^^o 0.5 -^8K^\^>XI±. Rma x< 1 0 ;^m<^^^ 
rOJ -C. 1 0 ft m^Rm a x < 1 5 ^ m<7)J^#^ f^J -c, Rmax^l5/« m«0:^ 
rxJ XTjkLrzo 
[0 0 3 6 ] 

-No. 118, No. 201~No. 225, No. 301~No. 320 ti. ^<r)isi 
ttl^iSV^T^. P h^i^mK^yk-t^itmn^^l^ o . 4 0 1~No. 4 0 3 t[WI^J^± 

[0 0 3 7 ] 
[0 0 3 8 ] 

1-'^*?*,. ±Umu< LX'i^hflfz^niiin:^~^{^m-fm 5mm, g?2 5mm 

)f<D^^ (S?) 7!)^'2 5mm^^^ 7. 5 m m ^ S "ejl,^) LT. JE,Mm<D^ffi^il ( 

7oor'^?f^t^) ^smm^Lfzo ^mt^ii. ms-msKT^-rm^x^^fzo mm 

<Dm&i±U^>irmmi~ ^ it vy^^ coVtW. h^UKX^) tfv^ . ^ 5 ~ ^ 8 i3 v> T fi 
^ i^7^7^'56^^<^i:'^;a>o7t»b(7)^ roJ -e. a^^^j:^ y y ^^^^cfzii(D^ Taj -e 

^ 7 V rxj x^sLfzo tfz. ^m2m.m>i^mmLx. 

[0 0 3 9 ] 

iTt. »M4:aw)S-/j«i!fet9tL'i4§'?iisT-<< . n so e 5 o 9j i^&id^^m^ 
j^^ist^mmnu^&v' rj i s h 3 2 5 oj Km&^fi^mtimi&mfimm'tn'^fz 

o 

[0 0 4 0 ] 

t-'^^:?*)^ n SO 6 5 0 9J <7)MMI&«l!fe^^Hi3V^T{±. ##m#;&^ L7t|^ 

SSMf4^"tS7^^^ig#til#c7)#aJ L^^fBjlc^LTjt^ -t'fc^ J: 9 ^ILT7iy-;^ 
W)3B^-^ i:<i;*+^[fi^-^p< U-.^lci: 19 1 2 0 OWtxmBLfz^ik. ^tiirmTk^ 

-e?g^« it t x^m Lfzo Lx^M^hK fz^mmmmn ^ . i . o%<Dmtm2m 

ZyKm^M. (C u C 1 2 • 2 H2 O) <?:)7i^mm (12.7 g/D 4^J::i5:«L. 7 5V<D 
[0 0 4 1 ] 

rj I s H 3 2 5 OJ <?ymt)m^miiunkKi5\y>xi±. ^wth^^^a-^hM^ 1 5 0 

mm<7)^#^*0 i^j tH L . ^'^^'^tP^^^^ 4 0 mm(7?Pg§0:ic^^;l,lc ^T7tt>cl 

^KLx^mm^sm-b^mw^fitz^um)f^m.m, ^mmmLtz±^ 12. 5%<^t>' 

*^Tzk (T>'-B^.T^'^^m(7:)m7^xWi!btzi>co) ^XKfzr^^^- ^\H<7^ry^^T^ 
(2 5r) ^KWM^^fzo -r-^£t>ib. #^mn-^x>'^-^i*]ti^tt-2>T>^-T 
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Taj -e. 2 4^waiiB#(;^v>T^>*iJti50-'^< ISfe^^ttJ^^a^oTt ^lOlcov^Tfi roj 

[0 0 4 2 ] 

[1] ~ [4] x(i [5] ~ [8] (^ffls£^ft:^c/ [9] (o^mm.m^n-<^{}^^£< t 
^mfii)-^'k^<itmm^^^i.. mm, i^wtjoxi*, ?9rHiiDxt4, mmMm 

-^^No. 101- No. 118, No. 201~No. 225, No. 301~No. 
[0 0 4 3 ] 

ttz. mimni^^N 0 . 110, No. 1 1 1 . ^2i^0^^#N 0. 2i8^zf}tmm 

-^^No. 401~No. 4 0 3, No. 417~No. 4 1 9 l^ov^T. SOOVcoM. 

m^wT xmmmt't'ir^^. ly^^yi^^^-mmumm^m&Lfzo mmmmit. j i s z 
2 2 4 2 KM'm'ti>^m^mmmmm:^-m^j:-ox. j i s z 2202 izm^-r^ 

\jy y i-Um>fRO^ J I S B 7 7 2 2 nm^-t^ ;P e LTtf 
[0 0 4 4] 

^5, ^6 5.0'a8 ti^i-^P< . B i $-g-^L'S:i/v#^N 0. 110, No. lll.N 
o. 2 1 8Rcn^ 0 . 4 0 1 - N 0. 4 0 3 KitLX. B i -g-^*:;^^© . 0 5 m a s s % 
^^x.^o^(^^^ft^P b^^M-epi^L/cfitB i /P b7?)^'0. 1 ^®x.-2>^^N 0. 4 
1 7^ieSfit{itli«?)T<tf:< 4-oTV>:i>o B i '^-g-^ LT^/^T B i^^«>0>'O. 

0 5ma s s %JiJ>T-C-^i9 5.oB i /? 0. l-C*2>'^^No. 4 180W^'fit{i^ 
{5^'^g:< 'ioTiSfj-f . #11. B i ^^»;^^0. 0 3ma s s %J^T-e* ^) J.oB i /? 

tzij^-ox. mmx^-<tztw<m\miimcomfi^mit-r:i>tzibK\±. b i 

B i #^a^ 0 . 0 5 m a s s %, B i /P b ^ 0 . 1 <t -2> J: ^ li. J: 0 f L < 
(iBi-^^i^O. 0 5mass%. Bi/Pb^O. 0 5 t =i ^i, J: 9 

[0 0 4 5] 
[^1] 
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